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Introduction —  —

ELECTRON BEAM ION SOURCE

Using the half-length, full instantaneous power prototype “Test EBIS” it
was shown that sufficient ion intensities of various ion species could
be obtained to meet the needs of RHIC and NSRL on a pulse to pulse
basis.

The Test EBIS is now being used to demonstrate the appropriate HV
acceleration and transport of the ion beams, to verify that the beams
can be delivered with low loss through the LEBT and the RFQ.

To accomplish this, a fast switching HV platform and a high transmission
LEBT switchyard have been developed.
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lon Injection and Extraction from the RHIC EBIS ELEGTRON BEAM 10N SOURCE

HCIS

EBIS

RFQ

Au 32+, Cu 11+

External ion injection provides the ion species; the EBIS acts purely as a charge breeder.
Advantages:

1. One can easily change species and charge state on a pulse to pulse basis

2. There is virtually no contamination or memory effect

3. Several relatively low cost external sources can be connected and maintained

independently of the EBIS.
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EBIS operation on a pulsed high voltage e————

platform Is necessary for injection iInto RFQ  ereouseu ow sousce

ION TRAPPING
M

ION INJECTION

-~ < During injection and confinement
| | the RHIC EBIS operates at ground
potential.

Just before ion extraction the EBIS
"\ et EBIS BEAM TO RFQ meet platform voltage is applied such

T that the ions are extracted through
a potential of up to 100kV.
In this way, the extracted EBIS ion
beam attains the 17keV/amu

needed for acceleration by the
RFQ.

Benefits:

—the high intensity EBIS ion beam is accelerated to full energy in a shorter distance
than if the LEBT switchyard and ion sources resided on the HV platform

—ion sources can be accessed when the EBIS is operating on the HV platform
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Goals for the Test EBIS T e

 Develop hardware to operate on a 100 kV platform with the aim of
transporting the extracted EBIS ion beam through the RFQ which will
soon be commissioned in our laboratory.

— HV platform installation and pulsing (Done)

— Build and test prototype LEBT Switchyard (Done)

— Build and test New EBIS electron gun (installed, awaiting test)

— Build and test New EBIS Collector & extraction optics (delayed, see Snydstrup)
= New collector is a key item for achieving 5Hz pulse rate
= New optics for low aberrations of extracted ion beams

— Build and test LEBT Solenoid (tested, not installed — need pulsed PS)

— Characterize EBIS emittance at final energy at RFQ location

— Early test of RFQ at Test EBIS Location (Spring 2008)

By installing and testing prototype components at the Test EBIS as
they become available, the transport of the high intensity Test EBIS
beams approach the expected new EBIS performance.
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Test EBIS on HV Platform — =

ELECTRON BEAM ION SOURCE

 During the installation of EBIS and power supply racks on
the nominal 100 kV platform it was shown that the EBIS can
be transported without a loss of critical alignment.

— The RHIC EBIS will be transported from assembly area to
permanent location.

« Hardware installed for testing includes:

— 100 kV, 200 kVA isolation transformer (prototype)
— 100 kV Platform Pulser (<1ms rise time, prototype)
— Capacitive Collector Supply (temporary for Test Facility use)
— HV acceleration break
» (temporary 8” diameter break installed in lieu of 12” on order)
— Fiber optic control links
— HV safety enclosure

DDDDDDDDDDD

E.Beebe /) SIXIY YEARS
EBIS & LEBT Tests ) 1947-2007 September 19-20, 2007




IR N
I )

Test EBIS on stand with high voltage isolation — = —

ELECTRON BEAM ION SOURCE

F _.f
-

Operation of the Test EBIS at over 80 kV extraction has been very successful.
(an important test, validating HV isolation, HV iso transformer, HV pulser design)
No change in performance when platforms are pulsing

Emittance measurements are ongoing.
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HV Platform PUISing ELECTRON BEAM ION SOURCE

Platform pulsing was tested to 100kV (only 80 kV needed for operation,
since an additional ~20kV comes from ion trap potentials)

\ 80kV pulsing of EBIS Platform:
. — 100us/div shows rise time and Flat Top
5 \ (Far Left)
=
= — 20ms/div shows recovery to ground
™ between EBIS cycles. (maximum EBIS
\ Repetition frequency is 5Hz)

100 pzec § div 20 mzec §div —
lon extraction at 40kV + 17kV —
Ch4: Toroid EBIS lon current (2mA, 25us) E
Chl1: Primary current pulse (HV calibration) /\ :

h3: Internal iti r Rise time ~1 /\/
Ch3 ternal Capacitive probe (Rise time ~150uS) | R
ebace 070126-06 Droc.wfm‘
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Slit-Foil Emittance Scan at 87*q kV e

40 ' -

I Channel 2

30 — [t wraw |
[chemners
20 - . [ v
[ Tracea |

10 = n [20kv 7div
0OH = _

=
ol ] W
_30 — -]

voltage

ol i — T f I 10 pzec §div
Ar ion spectra max at Ar?* Ar ion current pulse (above)
70kV platform voltage Ch2 (Green): ppot mask signal (1V=1mA)

~17KV trap contribution Ch4 (Red): EBIS toroid (1V/mA)

Emit (RMS norm)= 0.22 pi mm mr 1mA peak, ~20uS FWHM
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Pepperpot Emittance Head R oy

e Acquires x andy
emittance data in a
single EBIS pulse

e Live beam profile image
displayed provides
Immediate feedback to
EBIS operator on beam
focus b

Mask Elliptical mirror

e Software provides oo x =
ol :
0 =
pulse to pulse A - :"g— =~
. : R
emittance calculation e |
\\\\‘:\:\\_\Q
; i of Nuclear py, i ’
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Pepperpot Analysis of 87gkV Ar

Shot to shot output:
7 X — .
] a: ! — DProfiles (left)
! +[s ! —
! I ——
! ik ] —  Horizontal and Vertical
= emittances (below)
T 1T lnl“ “ll
ﬁ I I E I horiz::ntal ﬁ I I ! I uer':lical
o i | 1 *°TE |
+ 40 | 4 a0}
Ar spectra max at Ar? , |
20 ’ 4 zop | 4
) SRR | S ——— . ) SRR S .
70kV platform voltage ‘ ‘
-20 ! - =20 ' 4
~17kV trap contribution Wl | .l 5
60 | { -eof
. : i) : tiyr
-30 -2 -10 o 10 20 30 -3 -z0 -1d o 10 20 30
RME emittance: 55,051 mrermrad RMS emittance: &1.911 mmemrad
Morm, RMS emittance: 0.2289 mmemrad Morm, RMS emittance: 02677 mmemrad
20070208_02_Ar.bmp e - Moeent 0.4314 mmfmrad
Gamma: 2.257 mrad/mm Gamma: 2,744 mradfmm
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Slit-Foil Emittances of 88 keV H* —— m ge—

I >
and 15-25 lev Au2d9t ELECTRMAM-ION SOURCE

[ |

Emittance for 88keV H+ vs peak current for fast

extraction from a 4.8A electron beam Emlttance Of extracted EBIS 88 kev

1
. os H+ ions using HV platform.
% E > A single component H+ beam was used to
£ 5 04 R : avoid normalization uncertainty and to place
oo an upper limit on the EBIS extracted ion
° . ) 3 A beam emittance. (lons were seeded by
Pealclon Current IWA] (3 siiotrom s e neutral gas injection).

Emittance vs extraction voltage for 3000V applied ion trap
well depth (all charge states peaked around Au29+)

80 0.8
70 0.7
) E———— T} Emittance of extracted EBIS 15-25
EEY 04 g2 e gkeV Au ions centered around Au?®*,
g‘Ezo 0.2 . R .
10 — o1 (lons were seeded by ion injection before
oS the HV platform was implemented).

extraction voltage [kV]

—e—rms emittance (un-normalized)
—=—normalized rms emittance
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LEBT ReqUirem entS ELECTRON BEAM ION SOURCE

 Efficient matching between the EBIS and the RFQ
- space charge of the 5-10 mA extracted heavy ion beam is a
major consideration in the design

 Fast “switchyard”
- singly charged ions from external sources are transported
Into the EBIS trap region
- extracted, highly charged ions can be deflected to off-axis
diagnostics (time-of-flight or emittance)

e Space for diagnostics for setup of ion injection and extraction
The line includes electrostatic lenses, spherical and parallel-plate

deflectors, magnetic solenoid, and diagnostics for measuring
current, charge state distributions, emittance, and profile.
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Tests of Prototype LEBT
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ELECTRON BEAM ION SOURCE

Emittances

Retractable
|
|

Shutter

measured here =

l

lon injection

l

into EBIS

Switchyard

Chamber

1+ beam from external source
Adjustable aperture

Tests with Cu 1+ from
HCIS:

>90% transmission;
15 pA out, no collimation

100% transmission:;
collimated to 9 pA

This performance is more
than adequate to obtain
the required intensity of
injected 1+ ions.

(e of Nuclear py, o

O Cs
St <5
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Electrostatic Quadrupole for transport of 1+ ions ELECTRON BEAM ION SOURCE

5 cm diameter aperture
5 cm long poles
2.5 cm between poles

ace of Muclear Phy,..
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LEBT Chamber —

- § el
ELECTRON BEAM ION SOURCE

Beams from

external 1+
sources

Beam output to
focussing

solenoid and
RFQ

Beam
from EBIS

v

v

0“‘-‘(‘?’ of Muclear Ph i
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Diagnostics at exit of LEBT chamber

A: Pepperpot
Emittance Head

B: Slit-Foll
Emittance Head

C. LEBT Switchyard
Chamber

(The slit-foil emittance

"3 head and four quadrupole
=¥ lenses at the entrance of
the LEBT Chamber are
not shown in the picture).
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Pepperpot emittance measurements of e——
Injected 1+ ions
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ELECTRON BEAM ION SOURCE

30

30

= harizon tal =
i fud
= =
20 |- 1 =zo0fp=
1 10
Obecmmeeo DRSS ]
1 -1o0 |
-20 4 -zo0f
x[mm] vy[mm]
-30 L 1 -320 L I
-30 -20 10 10 20 30 -30 20 10 u] 10 20 3
30 30 T T T T
= horizon tal = ' ertical
i fud H
= = ;
20 = bl 20 7= E
1
1
10 b 10 - U
I T ‘ -------------------
'
10 4 -1o0f '
'
-20 4 -zo0f
'
x[mm] ylmm]
-20 L -30 L
-30 -20 -10 10 20 30 -30 -20 -10 u] 10 20 30

Emittance at the exit of the
LEBT chamber, Cu'*, 11 keV,
10 pA.

Aberrations are observed when
the beam fills the quadrupole
aperture.

Emittance at the exit of the
LEBT chamber when the
beam is collimated between the
ion source and the first
quadrupole.

Pepperpot emittance measurements of injected Cul+ 1ons. Output emittances
with collimation are <0.02 # mm mrad, norm., rms.
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LEBT Switchyard on Test EBIS i Bt

Gridded

[ 5 1
' I ' — ' '
I + H—t + —t + +
‘ METERS
|

HV LEBT N
EBIS Acceleration Switchyard \\
Electron Break Chamber
Collector

First Test with LEBT,
lon injection and pulsed HV EBIS platform

0““{‘& of Muclear Ph i
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First ion injection with New LEBT ———r—
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(Ne fast InJ from HCIS) ELECTRON BEAM ION SOURCE
= Without Neon fast injection from
EGZER HCIS and new LEBT
4.4A electron beam 4ms conf
A o Mt HCIS beam stopped at FC1
before LEBT bend and Quads
B With Neon fast injection from
HCIS and new LEBT
e
Red: Net extracted lon current
Blue: Integral of net extracted current
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Next for the Test EBIS T T

« Test new electron gun already installed at Test EBIS
* lon Injection Tests with new LEBT
* lon Injection Tests with Slanted Mirror

* |nstall new collector and extraction optics
* Install new large aperture acceleration break

e Install LEBT Solenoid

— Emittance tests with lon Injection & High Energy Beam
e Tests with RFQ

E. Beebe ) SSSSSSSSSS
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Newly Constructed Electron Gun —
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an d Lau NC h SO I eno | d ELECTRON BEAM ION SOURCE

The electron beam
launch solenoid iIs
shown below.

Electron gun schematic and physical
assembly are shown above.

oﬁ“—‘ce of Nuclear Ph ”
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Slanted Mirror for ion injection studies e—

- § el
ELECTRON BEAM ION SOURCE

Installed at Test EBIS
Inside Drift Tubes 2 & 3

=2 1 14 color table]V]
32 gy 2590
2 m Pl 21000
2.4 | W4
. . . 17000
Computer simulation showing . 1f -
improved ion accumulation in 1s ‘
the EBIS trap after reflection = 2] - {—0 I"’""‘
from slanted mirror at left of 4] N\ 5000.
schematic. (The electron -+ TR N R Ilm.
beam trajectories are not 0 | | P
.0 ‘-1 x (m)

shown).
w0d 24,261 25 25 21.7 20.7 21 23 12 -3 date: 23/07/2007tine: 11:16:22

0“.“.’3 of Nuclear Ph ”
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SUMMA RY ELECTRMAM-ION SOURCE
[

e The Test EBIS has been operated on a pulsed HV platform with extracted
ion energies up to 88 gkeV. Operation of the EBIS on the HV platform is
very stable and reproducible.

|

e Tests with a capacitive collector supply verified that the RHIC EBIS
collector supply can be unregulated.

e Emittance measuring capabilities using both pepperpot and slit-foil
scanning devices have been developed. The emittance of light ions
formed by gas injection appears to be about a two times larger than
emittances of gold measured with ion injection. (0.2-0.4 pi mm mr vs 0.1-
0.2 pi mm mr). This is consistent with expectations.

e A new LEBT switchyard has been built and ion beams from an external
source have been transported through it with adequate intensities and
beam properties. Injection tests into Test EBIS using the switchyard
have begun.

e The first of the two new electron guns has been built and installed at
Test EBIS for testing.

SSSSSSSSSS
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ELECTRON BEAM ION SOURCE
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Performance Requirements of — g—

|2
the RHIC Ion Source ELECTRMAM-ION SOURCE
Species Heto U
Output (single charge state) >1.1 x 10! charges / pulse
Intensity (examples) 3.4 x 10° Au’** / pulse (1.7 mA)

5x 10° Fe?** / pulse (1.6 mA)
6.3 x 10'° He*" / pulse (2.0 mA)

Q/m > 0.16, depending on ion species
Repetition rate S Hz

Pulse width 10 - 40 ps

Switching time between species | 1 second

Output emittance (Au’*") < (.18 7 mm mrad,norm,rms
Output energy 17 keV/amu

E. Beebe ) vvvvvvvv
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EBIS Results and RHIC Design Parameters ELECTRMAM'.W»
Achieved RHIC
Ion AU’ AU’
I, 10 A 10 A
Je 575 Alcm? 575 Alcm®
teonfinement 35 ms 35 ms
Capacity 5.1 x 10" 11 x 10"
% extracted ions > 75% 50%
% in desired Q 20% 20%
Extracted charge > 3.4 x 10" 5.5 x 10
Ions/pulse >1.510° (Au*®)  3.3x10° (Au*)
Pulse width 10-20 pus 10-40 pus
Rep. Rate 0.5-2 Hz 5 Hz

SSSSSSSSSS
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Gun and gun transition regions T e ETIAT

» Replaceable electron gun chamber:
— Minimized vacuum disturbance
— Pre-conditioned electron gun
— Fast turn around times
— Increased EBIS reliability

5 layers

Gun Transition

Electron Gun Chamber
Chamber with Buffer Chamber

: : with Pump-out port
L h I
aunching Solenoid (Not on Test EBIS)

E. Beebe ) SIXTY YEARS
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Capacitive Collector Supply on HV Platform ELEGTRON BEAM 10K SOURGE
[ |
Test EBIS HV Platform & _
RHIC EBIS Configuration An unregulated, high current supply for
=\ v electron beam collection
e ) =- "
« A low current regulated supply to provide:
N Elemj 1) stable e-beam launch
PR Collector 2) Independent acceleration voltage
i R 3) Electron beam fault protection
_ Regulation
| . 200 m F cliv Channel 1
Accelerator PR
151, 15mé
|+

A Collector Supply using a 125uF Capacitor and
an 8kJ ALE charging supply has been built.

violtage

e 8A,10ms e-beam current pulse: (upper trace)
V_sag: ~600V from nominal 10kV (lower trace)
good e-beam propagation

» Confirms that Unregulated Collector Supply 5 msee { div
can be used in RHIC EBIS timehase

0;“.‘{__3 of Muclear Ph i
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COﬂthlS ELECTRON BEAM 10N SOURCE

[ |

e Fiber optic links have been constructed and installed with our
legacy EBIS voltage and timing control system to facilitate
remote control of the elevated EBIS from the laboratory
ground platform.

 Progress has been made in interfacing the EBIS voltage
controller to two VME based PSI units operating with fast
function generators provided by the controls group. The
Interface uses Fiber Optic Channels which provide Event Link
connection to the EBIS system from the Linac Control room.
The PSI units will be used to control the electron gun anode
power supplies during the next quarter so that we can gain
experience with the devices which will be at the new facility
and also improve the integrity of the bipolar link.

E.Beebe /M sIXTY YEARS
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He gas injection and TOF during periodic — g—

. . . | —
- —
piezo-electric valve pulsing e e o
' l
200 mv ¥ d:u Crlmnnel 2 500 v [ div |. Channel 2
";WF“ |' V V
g
1 sec | div 2 psec fdiv
timebase timebase
050826-13 050826-11
Valve: 340mT backing pressure
10ms injection time 20.4nC Total charge after 3.6ms conf
0.5Hz
Pressure variations on ionization Valve: 310mT backing pressure
region pressure gauge can be as 1ms injection time

large as a factor of 10 with present 0.5 Hz

source conditions
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Slit-Foil Stack Scanning Emittance Head — i —

ELEGTRON BEAM 10N SOURGE
SCAN

o

30 COLLECTOR
FOILS

Schematic of the emittance head. The head takes several minutes to
scan through the EBIS pulsed lon beam.
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